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(54) Operation data display device for robot

(57) An operation data display device for a robot al-
lows an operator to recognize operation data for a plu-
rality of operations performed by the robot at any time.
When an arc start command is read out from a taught
operation program by the robot controller, a welding
start command is issued to an arc welding power supply.
The arc welding power supply starts supply of a welding
current to a welding torch mounted on a robot. Values
of the welding current in a welding operation is outputted
to a robot controller and sampled at every predeter-

mined period and recorded. When an arc end command
is read out from the operation program, the arc welding
power supply terminates the welding operation and out-
put of the values of the welding current. The robot con-
troller transfers a file containing the data of the actual
welding current to a personal computer. The personal
computer displays representations of the received op-
eration data in the form of line graphs of reduced size
for the plurality of welding operations in one frame on a
display screen.
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Description

[0001] The present invention relates to an operation
data display device for displaying information on an op-
eration state of a robot, which performs operations such
as arc welding, on a display screen.
[0002] As well known in the art, an industrial robot per-
forms a series of predetermined operations such as arc
welding operations by successively moving a tool
mounted on the robot and making input/output of signals
for the operations in accordance with an operation pro-
gram taught to the robot in advance.
[0003] A method has been adopted of recording data
concerning robot operations carried out by the robot in
timed series and analyzing the state of the robot oper-
ation with reference to the recorded data after finishing
the operations at an appropriate opportunity (for exam-
ple, each time one group of operations is completed),
so as to utilize the analysis for the robot operations
thereafter. The data on each of the robot operations are
displayed on a display screen of a display device in the
form of a graph for each operation of the robot so that
the data can be analyzed.
[0004] In the above conventional method, analysis of
each robot operation can be performed easily based on
the displayed data, but it is difficult to appreciate the
overall tendency of a series of robot operations and it is
laborious for an operator to perceive a general trend of
the plurality of robot operations.
[0005] An object of the present invention is to provide
an operation data display device capable of establishing
a trend of operation data in a plurality of operations per-
formed by a robot and also easily analyzing the entire
operation data.
[0006] An operation data display device of the present
invention comprises: a robot controller for controlling a
robot to perform operations in accordance with an op-
eration program; and a data processing device connect-
ed with the robot controller.
[0007] According to one aspect of the present inven-
tion, the robot controller includes means for obtaining
operation data on an operation state of the robot for
each operation of the robot and storing the operation
data in time sequence, and means for transferring the
stored operation data to the data processing device. The
data processing device includes storing means for stor-
ing the operation data transferred from the robot con-
troller, a display device for providing a frame of a picture
on a display screen and means for displaying a plurality
of representations of the stored operation data for a plu-
rality of robot operations in the form of graphs of reduced
size in one frame on the display screen of the display
device.
[0008] According to another aspect of the present in-
vention, the robot controller includes means for succes-
sively obtaining operation data on an operation state of
the robot for each operation of the robot and means for
transferring the operation data to said data processing

device. The data processing device includes storing
means for storing the operation data for each operation
transferred from the robot controller in time sequence,
a display device for providing a frame of picture on a
display screen and means for displaying a plurality of
representations of the operation data for a plurality of
robot operations in the form of graphs of reduced size
in one frame on the display screen of the display device.
[0009] The data processing device may include
means for allowing selection of one of the plurality of
representations of the operation data and displaying on-
ly the selected one in the form of a graph of enlarged
size in one frame on the display screen. The data
processing device may further include means for dis-
playing a plurality of representations of the stored oper-
ation data in the form of icons with indications of se-
quence or time/date of the operations in one frame on
the display screen.
[0010] Further, the data processing device may in-
clude means for allowing addition of a mark indicating
abnormality of the operation data on the representation
thereof, means for sorting the representations of the op-
eration data in time series in one frame on the display
screen and means for displaying only the representa-
tions of the abnormal operation data in one frame on the
display screen.
[0011] The operations performed by the robot are not
particularly restricted. The operations may be arc weld-
ing operations as a typical example and in this case, the
operation data may be indicative of welding current in
the arc welding operation.
[0012] For a better understanding of the present in-
vention and to show how the same may be carried into
effect, reference will now be made, by way of example,
to the accompanying drawings, in which:-

FIG. 1 is a schematic diagram showing an. arrange-
ment of a robot system according to a first embod-
iment of the present invention;

FIG. 2 is a schematic diagram showing an arrange-
ment of a robot system according to a second em-
bodiment of the present invention;

FIG. 3 is a flowchart illustrating processing to be
performed by a processor of a robot controller;

FIG. 4 is a diagram showing an enlarged represen-
tation of the operation data in one frame on a display
device.

FIG. 5 shows an example of reduced line graphs
displayed in the chronological order of welding op-
erations with indication of respective welding num-
bers in one frame on a display device, and

FIG. 6 shows an example of reduced line graphs
displayed in the chronological order of welding op-
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erations with indication of time/date of the respec-
tive operations in one frame on a display device.

[0013] FIGS. 1 and 2 schematically show arrange-
ments of robot systems according to first and second
embodiments of the present invention, respectively. In
these embodiments, the present invention is applied to
a welding robot system for performing arc welding op-
erations and data representing an operation state of the
welding robot are displayed on a display device.
[0014] As shown in FIGS. 1 and 2, essential compo-
nents of each of the robot systems comprise a robot 1,
an arc welding torch 2 mounted on a distal end of the
robot 1, a robot controller 3, a power supply 4 for arc
welding, a personal computer 10 with a display device
as a data processing device and connecting devices for
mutual connection among them.
[0015] In the systems of FIGS 1 and 2, a cable 5 is
used for connection between the arc welding power sup-
ply 4 and the welding torch 2. The robot 1 and the robot
controller 3 are connected with each other by an ordi-
nary cable containing a power cable and a signal cable.
The robot controller 3 and the personal computer 10 are
connected with each other by means of a network such
as Ethernet. Alternatively, the connection between the
robot controller 3 and the personal computer 10 may be
performed by means of a serial communication such as
RS-232C instead of the network communication.
[0016] Signal transfer between the robot controller 3
and the arc welding power supply 4 is performed by
means of I/O signal in the system shown in FIG. 1, and
by means of serial signal using RS-232C interface in the
system shown in FIG. 2. The robot controller 3 and the
arc welding power supply 4 may be connected by means
of a network such as Ethernet.
[0017] Signals sent and received between the robot
controller 3 and the arc welding power supply 4 include
welding start/end signals, a signal for commanding
welding current and also signals representing values of
actual current supplied to the welding torch 2 from the
arc welding power supply 4. As well known in the art,
the arc welding power supply 4 has a circuit for moni-
toring an actual welding current supplied to the welding
torch 2, and signals representing values of the moni-
tored actual welding current supplied in arc welding op-
erations are sent to the robot controller 3 from the arc
welding power supply 4.
[0018] The robot controller 3 mediates the signals of
actual welding current received from the arc welding
power supply 4 and sends the signals to the personal
computer 10. The personal computer 10 records the da-
ta in a file (a memory area assigned for recording the
welding current values). Data of commanded value of
the welding current are also sent from the robot control-
ler 3 to the personal computer 10 and stored to be as-
sociated with the actual welding current values in the file
in the personal computer 10.
[0019] In operation of the robot according to the

taught operation program, when an arc start command
is read out from the operation program, a welding start
command is issued to the arc welding power supply 4.
Upon receiving the welding start command, the arc
welding power supply 4 starts supply of the welding cur-
rent to the welding torch 2 to start the arc welding. At
the same time, monitoring of the actual welding current
is started.
[0020] In the arc welding operation, signals represent-
ing the actual welding current are sent to the robot con-
troller 3. The robot controller 3 performs sampling of the
actual welding current sent from the arc welding power
supply 4 at every predetermined sampling period and
stores the sampled values in the memory of the control-
ler 3.
[0021] When an arc end command is read out from
the operation program, the robot controller 3 issues an
arc end commend to the arc welding power supply 4.
Upon receiving the arc end command, the arc welding
power supply 4 terminates the arc welding and stops the
output of the monitored welding current.
[0022] The robot controller 3 transfers the file contain-
ing the recorded values of the welding current to the per-
sonal computer 10. In the case where the robot control-
ler 3 and the personal computer 10 are connected with
each other by Ethernet, the file is transferred by FTP
(File Transfer Protocol) function. As described, the per-
sonal computer 10 receives the file containing actual
welding current values from the robot controller 3 every
time when a welding operation is performed.
[0023] The file contains data obtained by sampling the
actual welding current at every predetermined sampling
period to be recorded as ASCII data in a time series.
The personal computer 10 stores the file in the memory.
[0024] The personal computer 10 is provided with a
software for graphically displaying the data in the form
of line graphs and/or icons with indication of a chrono-
logical order and time/date of the welding operations on
a display screen of the display device. The software for
graphic display may be prepared by Visual Basic re-
leased from Microsoft Corporation, for example. The
line graph is displayed with axis of abscissa indicating
time and axis of ordinate indicating current value (A).
The icons are displayed with indications of chronological
order of welding operations or time and date associated
below.
[0025] The line graph may be displayed with the axis
of abscissa having a reduced size of approximately
20mm by the graphic display software. The stored data
are displayed as the line graph sequentially on the dis-
play device in accordance with the software. An exam-
ple of the reduced line graphs displayed on the display
device of the personal computer 10 are shown in FIG.
5. The line graphs may be displayed in the order of time/
date of the recording of the operation data or chronolog-
ical order of the operations.
[0026] In FIG. 5, the thirteen line graphs of Welding
No. 1 (uppermost line, leftmost column) to Welding No.
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13 (downmost line, second rightmost column) are dis-
played in the form of a matrix. As can be seen from FIG.
5, it would be difficult to read the details of the recorded
data from the line graphs since these line graphs are
displayed in the reduced size, i.e., thumbnail represen-
tation, but profiles of the data can be recognized as pat-
terns of the line graphs. This representation is rather ad-
vantageous than the conventional representation in that
the patterns of the line graphs can be recognized at a
glance.
[0027] Further, a plurality of operations, welding op-
erations in this example, can be observed by referring
the reduced representations of the data at a time on one
display screen to allow an operator to recognize an ab-
normal pattern as a pattern deviating from other normal
patterns in the display screen.
[0028] The recognized abnormal pattern may be
checked by displaying the pattern in different color such
as red, to facilitate discrimination of the abnormal pat-
tern. Furthermore, only the abnormal patterns may be
displayed on the display screen to make the discrimina-
tion of the abnormal patterns from the normal patterns
unnecessary.
[0029] In this example, the variation of the arc welding
current is adopted as the data representing the opera-
tion state because abnormality of the welding operation
appears as abnormality of the variation of the arc weld-
ing current. In particular, a line graph representing the
variation of the arc welding current shows a substantially
trapezoidal form when the arc welding is performed nor-
mally and the trapezoidal form is deformed when an ab-
normality occurs in the arc welding.
[0030] Thus, an operator can easily grasp the tenden-
cy of the welding operations such as premonition of ab-
normal welding operations and whether or not the ab-
normality occurs in series or occasionally by glancing a
series of line graphs as shown in FIG. 5.
[0031] Furthermore, the reduced display of the line
graphs is changed to a full-scale display by enlarging a
particular graph specified by an operator's action of
clicking or double-clicking the line graph suspected to
have abnormality according to the function of the graph-
ic display software. Thus, each area of the reduced line
graphs functions as an icon indicating chronological or-
der or time/date of the arc welding operation. FIG. 5
shows an example of the reduced line graphs displayed
in the chronological order of the operations with indica-
tion of respective welding numbers, and FIG. 6 shows
an example of the reduced line graphs displayed in the
chronological order of the operations with indication of
time/date of the respective welding operations. In FIG.
6, for example, the icon with indication of AW
010223093418 shows the data recorded at 18 sec. 9:
34 on February 23, 2001. Each indication of combined
characters and numerals is a file name of the data file
stored in a storage device of the personal computer, and
each icon with the file name expresses time/date when
the data is recorded.

[0032] The processing to be performed by the proc-
essor (CPU) of the robot controller 3 will be described
referring to the flowchart of FIG. 3. The processing com-
prises processing of executing the taught operation pro-
gram and processing of executing an arc welding oper-
ation including processing of displaying the operation
data.

[Operation program execution processing]

[0033] Step S1: A command in the operation program
is read by the processor of the robot controller 3.
[0034] Step S2: It is determined whether or not the
command read in Step S1 indicates an end of the pro-
gram. The procedure proceeds to Step S3 unless the
read command indicates an end of the program.
[0035] Step S3: It is determined whether or not the
read command is an arc start command. The procedure
proceeds to Step S4 if the read command is an arc start
command and otherwise the procedure proceeds to
Step S5.
[0036] Step S4: A signal for starting an execution of
the arc welding execution processing is issued. With this
signal, the arc welding execution processing is started
as described later.
[0037] Step S5: It is determined whether or not read
command is an arc end command. The procedure pro-
ceeds to Step S6 if the read command is an arc end
command and otherwise the procedure proceeds to
Step S7.
[0038] Step S6: A signal for terminating the arc weld-
ing execution processing is issued. With this signal, the
arc welding execution process is terminated as de-
scribed later.
[0039] Step S7: Processing other than the processing
for starting/terminating the arc welding execution
processing, such as processing for moving the welding
torch to a welding start position is performed and the
procedure returns to Step S1.

[Arc welding execution processing]

[0040] Step Q1: The processor waits until an arc start
signal is issued at Step S4. The procedure proceeds to
Step Q2 when the arc start signal is issued.
[0041] Step Q2: A signal of commanding start of a
welding operation to the welding power supply 4 is is-
sued.
[0042] Step Q3: It is determined whether or not the
welding operation is to be terminated. The determina-
tion is carried out based on whether or not the signal
commanding termination of the arc welding execution
processing is outputted in Step S6 at that instance. If
the signal for terminating the arc welding execution
processing is outputted, the procedure proceeds Step
Q6 and otherwise the procedure proceeds to Step Q4.
[0043] Step Q4: The welding current value sent from
the welding power supply 4 is recorded in ASCII format
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in the memory.
[0044] Step Q5: The procedure returns to Step Q3 af-
ter elapsing a predetermined waiting period equivalent
to the sampling period. The processing of Steps
Q3-Q4-Q5-Q3 are repeatedly executed to successively
store the data of the welding current until the determi-
nation result of Step Q3 is turned "Yes".
[0045] Step Q6: A signal of commanding termination
of the welding operation is issued to the welding power
supply 4.
[0046] Step Q7: The data of the recorded welding cur-
rent values are transferred by the FTP function to the
personal computer 10. With the above procedure, the
data for one welding operation is sent to the personal
computer 10.
[0047] The personal computer 10 starts the graphic
display software to perform the graphical display of the
data as shown in FIG. 5. Every time when one cycle of
the above described "arc process execution process-
ing" is completed, a new line graph is added on the dis-
play screen. Thus, FIG. 5 shows a graphical display af-
ter thirteen cycles of "arc process execution processing"
are completed.
[0048] According to the present invention, a tendency
of operation data on a plurality of operations performed
by a robot can be recognized referring to in one frame
on a display screen of a display device of a personal
computer to facilitate an analysis of the operation data.
For example, variations of welding current in arc welding
operations performed by an arc welding robot are dis-
played on the display device in one frame of the display
screen to allow an operator to grasp tendency of a plu-
rality of arc welding operations and find abnormality of
the arc welding operations visually by sentience.

Claims

1. An operation data display device for displaying an
operation state of a robot, comprising:

a robot controller for controlling the robot to per-
form operations in accordance with an opera-
tion program; and
a data processing device connected with said
robot controller,

wherein said robot controller includes means
for obtaining operation data on an operation state
of the robot for each operation of the robot and stor-
ing the operation data in time sequence, and means
for transferring the stored operation data to said
processing device, and said data processing device
includes storing means for storing the operation da-
ta transferred from said robot controller, a display
device for providing a frame of picture on a display
screen and means for displaying a plurality of rep-
resentations of the stored operation data for a plu-

rality of robot operations in the form of graphs of
reduced size in one frame on the display screen.

2. An operation data display device for displaying an
operation state of a robot, comprising:

a robot controller for controlling the robot to per-
form operations in accordance with an opera-
tion program; and
a data processing device connected with said
robot controller,

wherein said robot controller includes means
for successively obtaining operation data on an op-
eration state of the robot for each operation of the
robot and means for transferring the operation data
to said data processing device, and said data
processing device includes storing means for stor-
ing the operation data transferred from said robot
controller in time series, a display device for provid-
ing a frame of picture on a display screen and
means for displaying a plurality of representations
of the operation data on a plurality of robot opera-
tions in the form of graphs of reduced size in one
frame on the display screen of said display device.

3. An operation data display device according to claim
1 or 2, wherein said data processing device further
includes means for allowing selection of one of the
plurality of representations of the operation data
and displaying only the selected one in the form of
a graph of enlarged size in one frame on the display
screen.

4. An operation data display device according to claim
1, 2 or 3, wherein the operations performed by the
robot are arc welding operations and said operation
data are indicative of welding current in the arc
welding operation.

5. An operation data display device according to any
preceding claim, wherein said data processing de-
vice further includes means for displaying a plurality
of representations of the stored operation data in
the form of icons with indications of sequence or
time/date of the operations in one frame on the dis-
play screen.

6. An operation data display device according to any
preceding claim, wherein said data processing de-
vice further includes means for allowing addition of
a mark indicating abnormality of the operation data
on the representation thereof.

7. An operation data display device according to any
preceding claim, wherein said data processing de-
vice further includes means for sorting the repre-
sentations of the operation data in time sequence
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in one frame on the display screen.

8. An operation data display device according to any
preceding claim, wherein said data processing de-
vice further includes means for displaying only the
representations of abnormal operation data in one
frame on the display screen.
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